Abstract: Novel precursors were developed for deposition of Cu and Pd nanoparticles on multiwalled carbon nanotubes for supercritical carbon dioxide deposition technique. 3-(heptadecafluorooctyl)aniline-vic-dioxime and phenanthrenequinone dioxime were used as ligands in synthesis of the palladium and copper precursors. All synthesized ligands and complexes were characterized with elemental analysis, 1 H and 19 F NMR, FT-IR and magnetic susceptibility technique. Deposition of these precursors in supercritical carbon dioxide was performed at 363 K in the pressure 0.69 MPa H2 and 27.6 MPa CO2. Surface morphology of metal deposited multiwalled carbon nanotubes has been investigated with X-ray diffraction, highresolution transmission electron microscopy and scanning electron microscopy with EDX. TEM micrographs showed homogenous distributions of Cu and Pd nanoparticles on the multiwalled carbon nanotubes. The nature and crystallinity of the nanoparticles were confirmed using XRD. This study showed that these novel vic-dioxime complexes are suitable precursors for the preparation of supported metal nanoparticles in supercritical carbon dioxide.
INTRODUCTION
The green chemistry techniques gain importance day by day due to their use as an alternative solvent. Especially, supercritical fluids (SCF) have been used in various techniques such as organic synthesis, extraction, cosmetics, energy, food, materials, pharmaceutics, chemistry, sterilization, formulation, impregnation, cleaning, waste treatment and deposition of metals on the solid materials (1, 2) . For the past two decades, the deposition process in the scCO2 environment has become a focus of interest for scientists and has made an important contribution to the preparation of catalysts, especially with green chemistry. The method of preparing these nano-catalysts in supercritical fluids (SCF) follows a three-step deposition process. The first step involves dissolving a metallic precursor and treating the support material in the SCF. In the second step, the precursor is adsorbed onto the support surface. The last step requires the thermal or chemical reduction of the precursors to their metallic form.
The deposition of transition metals such as Ni, Pd, Cu, Pt, and Rh on a solid support is an important research area because of the extensive applications of these supported nanoparticles in a wide variety of disciplines (3) (4) (5) (6) . Metal nanoparticles on supporting materials are commonly used as catalysts for hydrogenation, oxidation, synthesis, Heck and Suzuki-Miyaura C-C bond forming reactions. (5) (6) (7) (8) . Among various supports, carbon materials are desired for a wide variety of applications (9) . Common substrates used as supports in deposition are carbon black, activated carbon, carbon aerogel and carbon nanotubes (CNTs). Carbon-supported nanoparticle metals are used widely as catalysts for a variety of reactions; palladium catalysts deposited on multi-walled carbon nanotubes (MWCNTs) are often used in hydrogenation and oxidation reactions (10) . This catalyst also shows a high electro-catalytic activity in oxygen reduction for potential fuel cell application (11, 12) .
The metal precursor plays an important role in the control of the morphology of the metal nanoparticles (8) . The metallic precursors used so far include complexes containing cyclooctadiene, dithiocarbamate, hexamethylene glycol dimethyl ether, hexamethyl triethylene, acetylacetonate, and tetramethyl heptanedionate ligands (13) (14) (15) (16) (17) (18) . However, these precursors have proven to be inadequate for some metals due to the formation of large clusters on the surface as well as the wide size distribution of the nanoparticles (18) . By synthesizing new precursors, it is expected that better alternatives allowing for adequately small sizes and uniform distribution of nickel nanoparticles on the substrate will be discovered. An oxime is defined as a compound with a C=N-OH functional group; a molecule with two of these functional groups on adjacent carbons is known as a vic-dioxime. Another advantage of vic-dioxime type precursors is their inexpensive and easy synthesis with a wide variety of metals, such as Ni, Pd, Cu, Co, and Fe (17, 19) .
Our group has been working on developing new precursors used in the scCO2 deposition due to the limited alternatives in the literature. So far, we have been able to synthesize Pd(II) complexes of phenanthrenequinone dioxime and dimethylglyoxime ligands and carried out depositions on alumina in the scCO2 medium and used the nanocatalysts for Suzuki-Miyaura coupling reactions (1) . In addition to this, we also synthesized bipyridyl-derived Pd(II) complexes and deposited Pd on SBA-15 supports in the scCO2 medium (20) . In this paper, 3-(heptadecafluorooctyl)aniline-vic-dioxime and phenanthrene quinonedioxime were synthesized, used as a ligands for preparing Cu and Pd precursors. The preparation of the M/MWCNT composites was done by adsorbing the dissolved precursors in scCO2 followed by a subsequent chemical reduction by introduction of a mixture of H2 and CO2 gas into the system to produce the metal nanoparticles. The resulting MWCNT supported metal nanocatalysts were characterized with XRD, HR-TEM and TEM. A comparative analysis of their solubility in supercritical carbon dioxide, the size and distribution of the resulting nanoparticles is reported. were recorded. Elemental analysis of metals was obtained from EDAX Genesis EDS system. We described the effect of a dioxime derivative on Pd loading yield by inductively coupled plasmaoptical emission spectrometry (ICP-OES) (Perkin Elmer 2100 DV).
MATERIALS AND METHODS

All
Synthesis of phenanthrenequinone dioxime [PTQD]:
PTQD was synthesized to be used as ligand according to the methodology given in (21) . A nitrogen-flushed mixture of 9,10-phenanthrenequinone (2.1331 g, 10.2 mmol), hydroxylamine hydrochloride (2.7 g, 35.6 mmol), and BaCO3 (2.91 g, 15.3 mmol) in 150 mL of anhydrous ethanol was refluxed for 24 hours. Then, the mixture was cooled to room temperature, after which the ethanol was evaporated using a rotary evaporator. The residue was treated with 250 mL of 0.25 M HCl. This mixture was stirred for 1.5 hours and filtered. The filtered solid was washed with water, ethanol, and anhydrous diethyl ether respectively; then, it was dried in a vacuum desiccator to afford 2. 
Synthesis of 3-perfluoro-vic-dioxime [3PFVD]:
The ligand was synthesized to be used as ligand according to the methodology given in (19) . A solution of 3-(heptadecafluorooctyl) aniline 
Synthesis of bis(3-perfluoro-vic-dioxime)copper(II) [Cu(3PFVD)2]:
The complex was synthesized to be used as metaloorganic precursor according to the methodology given in (19) .
A solution of vic-dioxime (2 mmol) in 15 mL of absolute ethanol was added to a solution of copper(II) acetate monohydrate (1mmol) in 10 mL of absolute ethanol. The mixture was refluxed at 65 °C for 4.5 hours and then it was allowed to cool to room temperature. The precipitate was 
Synthesis of bis(3-perfluoro-vic-dioxime)palladium(II) [Pd(3PFVD)2]:
The Pd complex was synthesized to be used as metaloorganic precursor according to the methodology given in (24, 25) . A solution of oxime (2 mmol) in 20 mL of absolute ethanol was put in a solution of palladium(II) chloride (1 mmol) in 10 mL of absolute ethanol. Sodium acetate (0.5 g) was added
to the solution. Then the mixture was refluxed at 75ºC for 4.5 hours. It was allowed to cool to room temperature. The mixture was filtered and dried in a vacuum desiccator to furnish the pure with what would be expected for this ligand, so it was determined that the desired ligand was synthesized.
Bis(3-perfluoro-vic-dioxime)palladium(II) [Pd(3PFVD)2]:
The elemental analysis data for The FTIR spectra of the complex showed that the peaks assigned to the ν(C=N) frequency shifted downfield from those the free ligand. This is due to coordination of the metal to the nitrogen atom, which in turn weakened the C=N bond. For the [3PFVD] ligand, the C=N peak was observed at 1680 cm -1 . The same peak was shifted downfield to 1594 cm -1 for [Cu(3PFVD)2]. In the free ligand, bands arising from the O-H bond were observed. These were lost after complexation. The Cu(II) complexes are paramagnetic as expected and the magnetic susceptibility value of the copper complex is 2.12 μB.
Solubility of Precursors
The solubility of all four complexes was performed, to indicate the suitability of these oxime complexes for using precursor in scCO2 deposition method. The solubility of all synthesized vicdioxime precursors were in agreement with commonly known precursors reported in literature (29, 30) . The solubility data are shown in Table 1 . Precursors in comparison, the solubility of Pd complexes are better than Cu complexes. Distance between ligand and center atom is the bigger in palladium complexes because of palladium diameter is bigger than copper's. The distance between ligand and center atom is inversely proportional to the shielding of the center palladium atom by the ligands. The solubility of Pd complex of 3PFVD was 6.7 times, PTQD was 2 times better than Cu complexes.
Table1. The solubility data of precursor in scCO2 at different pressures. 9761 316
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Characterization of MW-CNT supported metal nanoparticles
The following vic-dioxime metal complexes were used as precursors in the deposition process.
The deposition was performed in three steps:
(1) Dissolving of the precursor in supercritical carbon dioxide, A chemical reduction method utilizing H2 gas was employed to deposit Cu(0) and Pd(0) form nanoparticles onto MWCNTs. After this step, precursors were converted to metallic Cu and Pd.
However, Cu nanoparticles were found to convert to Cu(OH)2, CuO and Cu2O form by contact with oxygen in air after the synthesis.
HR-TEM results
High resolution TEM image that was taken from the composite obtained from the [Pd(PTQD)2] precursor, after its deposition using a 1:1 ratio of precursor: MWCNT indicates that palladium nanoparticles were distributed homogeneously on the MWCNTs. HR-TEM image is shown in Figure 4 . The HR-TEM results indicated a size range between 2-5 nm, which is as good as nanoparticles obtained from available precursors (6, 13, 14) . Aggregate of palladium was not 
SEM-EDX Results
The percentages of the metals on the MWCNTs were obtained from SEM-EDX images. SEM-EDX data provided the chemical properties of these particles.
The SEM-EDX micrographs of Pd/MWCNT obtained from [Pd(PTQD)2] is shown in Figure 6 (a) and [Pd(3PFVD)2] is shown in Figure 6 (b). These EDX spectra showed that Pd and C atoms are the main elements in these composites. While a high intensity carbon peak was observed, the palladium peak had a relatively low intensity. This is because MWCNTs are the main components in these samples. Metal content was calculated from the EDX data. 
XRD Results
The 
